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SUMMARY 


An investigation has been made to evaluate the effect of Reynolds 
number and Mach number on the aerodynamic characteristics of a horizon- 
tal tail of aspect ratio 3 equipped with a plain, sealed, full-span 
elevator. The line joining the quarter-chord points of the airfoil sec- 
tions was swept back ^5^ and the sections perpendicular to this line were 
the NACA 6hA010. 

Increasing the Reynolds number from 2,000,000 to 18,000,000 at a 
Mach number of 0.25 resulted in a sizable reduction in the drag coeffi- 
cient at moderate to high lift coefficients. Within this range of 
Reynolds numbers the lift characteristics of the horizontal tail were 
little affected by dynamic scale , but the hinge— moment and pitching- 
moment characteristics of the tail were affected by changes in the 
Reynolds number, especially at the higher angles of attack or elevator 
deflections. 

Increasing the Mach number from 0.25 to 0.94 for constant Reynolds 
numbers of 2,000,000 and 4,000,000 caused an increase in the lift-curve 
si ope and in the elevator effectiveness. In general, the hinge— moment 
coefficient resulting from either angle of attack or elevator deflection 
increased in magnitude with increasing Mach number. The Mach number at 
which rapid changes in the elevator hinge-moment coefficient occurred was 
dependent upon the angle of attack and the elevator deflection. 


INTRODUCTION 

A systematic investigation has been undertaken at the Ames Aero- 
nautical Laboratory to determine the effects of plan form on the 
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control— effectiveness and the hinge— moment parameters of horizontal tails 
having full— span trailing-edge flaps. Eeferences 1 through 7 present 
results of wind-tunnel tests of both swept and unswept horizontal tails 
of several aspect ratios, all having the same taper ratio and airfoil 
section as the subject model. 

As a part of this investigation the tests reported herein were con- 
ducted to evaluate the effects of compressibility and of Eeynolds number 
on the control— surface characteristics of a horizontal tail having ^4-5° of 
sweepback. Since this model also represents a wing with a full— span 
flap, drag and pitching-moment data are included in addition to the lift 
and hinge— moment data. 


NOTATION 


A 


aspect ratio 



b 

2 


semispan, measured perpendicular to the plane of symmetry, 
feet 


Cd 

Ch 


drag coefficient 




elevator hinge-moment coefficient 



lift coefficient 



C 


pitching-moment coefficient about the quarter point of the mean 
aerodynamic chord 



c 


chord, measured parallel to the plane of symmetry, feet 


c 


mean aerodynamic chord 




chord of elevator behind the hinge line measured perpendicular 
to the hinge line, feet 


^ max 


maximum lift— to-drag ratio 


M 


Mach number 
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q 

E 

s 

y 

a 

Otq 

3A 

6 


first moment about the hinge line of the elevator area behind 
the hinge line, feet cubed 

pressure coefficient across the elevator-nose seal (pressure 
below the seal minus the pressure above the seal divided by 
the free-stream dynamic pressure) 

free— stream dynamic pressure, poimds per square foot 

Ee 3 molds number, based on the meem aerodynamic chord 

horizontal— tall area, square feet 

lateral distance perpendicular to the plane of symmetry, feet 
corrected angle of attack, degrees 

angle of attack, imcorrected for tunnel-wall Interference and 
angle— of— attack counter correction, degrees 


reduced aspect ratio 


(y 1-M^ A 


elevator deflection (positive to increase lift) measured in a 



plane 


(^) 
\ ^/6 

Cha 

\ ^0/6 





Cmg 





^ (measured at a = O), per degree 


(measured at 6 = 0, ) per degree 


(measured at = O) 


6 = 0 
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The subscripts after the parentheses represent the factors held constant 
during the measurement of the parameters. 


MODEL 


The model used in this investigation represented a horizontal tail 
of aspect ratio 3 and taper ratio 0.5. The geometric properties of the 
model are shown in figure 1. The airfoil section was the MCA 64A010 
(table l) in planes inclined 45^ to the plane of symmetry. The line 
joining the quarter— chord points of the airfoil sections was swept back 
45^. This line was at 29.63 percent of the chord parallel to the plane 
of symmetry (table II). The tip of the model horizontal tail was formed 
by a half body having a diameter equal to the corresponding thickness of 
the tip section. 

The stabilizer of the model was constructed of a tin— bismuth com- 
pound bonded to a laminated steel spar. The model was equipped with a 
full— span^ radius— nose ^ sealed elevator machined from solid steel. The 
chord of the elevator was 30 percent of the MCA 64A010 section chord. 

The ratio of the elevator area behind the hinge line to the total area of 
the model was 0.253* The model was mounted vertically with the t unn el 
floor serving as a reflection plane as shown in figure 2. The gap 
between the elevator and the tunnel floor was approximately 0.02 inch 
when the elevator was undeflected. The juncture between the stabilizer 
and the tunnel floor was sealed with a rubber gasket. The elevator was 
attached to the stabilizer by three hinges. One hinge was located 6.4 
percent of the semispan below the plane of symmetry^ while the other two 
were at 50.2 and 90.6 percent of the semispan above the plane of symmetry. 
The latter two hinges and a close-fitting block at the plane of symmstry 
divided the balance chamber into three separate sections. The gap 
between the elevator nose and the stabilizer was sealed with a rubber 
diaphram. This balance chamber seal was closely fitted to the ends of 
each chamber to reduce leakage to a minimum. Details of the balance 
chamber are shown in figure 1. The turntable, to which the model was 
attached, was directly connected to the force— measuring apparatus. The 
elevator hinge moments were measured by means of a resistance— type 
electric strain gage located immediately imder the lower elevator hinge. 
The elevator was positioned while the tunnel was in operation by a 
remotely controlled electric drive motor mounted below the tunnel floor. 


TESTS 


Tests of the model horizontal tail were conducted in two different 
sequences. In the first series of tests, the elevator deflection was 
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maintained at constant values and the angle of attack was varied from 
—10^ to 30^* For the second series of tests, the angle of attack was 
maintained at 0® and the elevator deflection was varied from — l6° to l6^. 
These angle ranges were reduced at the higher Mach numbers and Reynolds 
numbers where wind-tunnel power limitations prevented testing at the 
higher angles. The aeroelastic effects on the model due to angle of 
attack or elevator deflection are believed to be small. The elevator 
deflections referred to in this report were measured in a plane perpen- 
dicular to the elevator— hinge line. The following equation relates 
these elevator deflections to the deflection in streamwise planes: 


where 


tan 6 1 I = cos A tan 


5 I I elevator deflection measured in the streamwise direction 
Aj^ sweep angle of the elevator hinge line, 38.66^ 


Tests to Evaluate the Effects of Reynolds Number 


The effects of Reynolds number on the lift, drag, pitching moment, 
and elevator hinge moment were measured at a Mach number of 0.25 for 
Eeynolds numbers of 2,000,000, 4,000,000, 8,000,000, 12,000,000, and 
18,000,000. At higher Mach numbers, data were obtained at Reynolds 
numbers of 2,000,000 and 4,000,000. The scope of the investigation that 
was made to study the effects of Reynolds number on the subject model is 
presented in the following table: 


Coefficients 

M 

R 


5 


0.25 

2,000,000 
to 18,000,000 

-10° to 30° 

0°, ±20°, ±30° 


.25 

2,000,000 
to 18,000,000 

0° 

-16° to 16° 


0.60, 0.80, 
0.90, 0.94 

2,000,000 
and 4,000,000 

-10° to 30° 

0° 


0.60, 0.80, 
0.90, 0.94 

2,000,000 
and 4,000,000 

0° 

-16° to 16° 


6 


MCA RM A51D02 


Tests to Evalixate the Effects of Mach Nimiber 


The effects of con5)ressibllity on the lift, drag, pitching moment, 
hinge moment, and the pressure difference across the elevator-nose seal 
vere measiired at a Reynolds number of Ij-, 000, 000 at Mach numbers of 0.25, 
0.60, 0.80, 0.85, 0.90, 0.92, and 0.9^. The scope of this phase of the 
investigation is indicated in the following table: 


Coefficients 

M 

0^2 

6 


0,25 

-10° to 30° 

6° to -30° 


.60 

-10° to 30° 

6° to -30° 


.80 

-10° to 18° 

6° to —30° 

Cl. Cj,, Cj,, 
Cp. and ^ 

.85 

-10° to l4° 

6° to -30° 

.90 

-10° to 12° 

6° to -30° 


.92 

-10° to 12° 

6° to -30° 


.94 

-8° to 8° 

6° to -25° 

Ch, Cjj^ 

0.25,0.60, 

0.80,0.90, 

and 0,94 

0° 

16° to -16° 


Tests to Evaluate the Effects of Standard Roughness and of 
the Elevator-iJose Seal 


Tests were also made to evaluate the separate effects of standard 
leading-edge roughness (reference 8) and of removing the elevator-nose 
seal on the lift, drag, pitching-moment, and elevator hinge-moment 
characteristics. Data were obtained at a Re3molds number of 4,000,000 
over the angle— of— attack range at Mach numbers up to 0,94 and over the 
elevator deflection range at 0° angle of attack for Mach numbers of 0.25, 
0.60, 0.80, 0.90, and 0.94. 

CORRECTIOHS TO DATA 


The data were corrected for the effects of tunnel-wall interference 
resulting from lift on the model by the method of reference 9, using the 
theoretical span loading calculated by the methods of reference 10. The 
corrections that were added to the angle of attack and the drag coeffi- 
cient were: 
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Ai = 0.769 Cj^f degrees 

= 0.0109 

No attempt vas made to separate the tumel-wall— interference effects 
resulting from lift due to elevator deflection from those resulting from 
lift due to angle of attack. No corrections were applied to the hinge- 
moment or the pitching-moment data, but the effects of tunnel-wall inter- 
ference on these data are believed to be small. 

Certain data in this report are presented for values of imcorrected 
angle of attack o^. The relation between the corrected and uncorrected 
angle of attack is as follows: 

a = 0.99 0^1 

The constant 0.99 is the ratio between the geometric angle of attack and 
the uncorrected reading of the angle— of— attack coxmter, and the factor 
Aa is the correction for the tunnel-wall interference. The uncorrected 
angle of attack does not differ from the corrected value by more than 0.8^ 
for any of the test data presented. 

The constriction effects due to the presence of the tunnel walls 
were evaluated by the method of reference 11 and were not modified to 
allow for the effect of sweep. The following table shows the magnitude 
of these corrections: 


Corrected 
Mach number 

Uncorrected 
Mach number 

•Icorrected 

‘luncorrected 

0.250 

0.250 

1.003 

.600 

.599 

1.004 

.800 

.795 

1.008 

00 

0 

.843 

1.010 

.900 

.888 

1.014 

.920 

.905 

1.018 

.9^0 

.920 

1.022 


Pressures measured at orifices in the wind-tunnel walls were used to 
determine the test conditions at which wind-tunnel choking may have 
iiifl^^nced the data. The positions of the tunnel— wall pressure orifices 
relative to the model are shown in figure 3. It was noted that a local 
Mach nuniber of unity was attained at the wind-tunnel wall at a free-stream 
Mach number considerably less than the maximum free— stream Mach number 
that could be obtained. This suggests that partial choking of the tunnel 
existed at Mach numbers below that for which a normal shock wave extended 
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across the test section. Some of the data were obtained at test condi- 
tions for which the local Mach number at the wind-tunnel wall exceeded 
unity. These data are included in the figures but are faired with 
dotted curves to indicate that they may have been influenced by wind- 
tunnel choking. 

Approximate corrections to the drag were made to compensate for the 
drag force on the exposed turntable . These corrections were determined 
from tests with the model removed from the turntable. The corrections 
are presented in the following table: 


E X 10"^ M Cp^ 


2.0 

0.25 

0.0028 

2.0 

.60 

.0030 

2.0 

.80 

.0033 

2.0 

.90 

.0036 

2.0 

.94 

.0038 

4.0 

.25 

.0028 

4.0 

.60 

.0030 

4.0 

.80 

.0033 

4.0 

.85 

.0034 

4.0 

.90 

.0036 

4.0 

.92 

.0037 

4.0 

.94 

.0038 

8.0 

.25 

.0024 

12.0 

.25 

.0023 

18.0 

.25 

.0022 


No attempt was made to evaluate tares due to possible interference 
between the model and the turntable. 


RESULTS AND DISCUSSION 


The effects of Reynolds number on the low— speed aerod3mamic charac- 
teristics of the model are shown in figures 4 through 8 and are summarized 
in figures 9 and 10. The effects of increasing the Reynolds number from 
2,000,000 to 000, 000 at Mach numbers up to 0.9^ are shown in figures 11 

and 12. The results of tests conducted to evaluate the effects of Mach 
number at a Reynolds number of 4,000,000 are presented in figures 13 
through 21 and are summarized in figures 22 -and 23. 

Data from tests conducted to evaliiate the separate effects of 
leading-edge roughness and of the elevator— nose seal are presented in 
figures 2h and 25 and are summarized in figure 26. 
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Effect of Reynolds Number 


»fech_mmbe^£^.- The effects of increasing the Reynolds number 
from 2,000,000 to 18,000,000 at a Mach number of 0.25 on the lift, drag, 
pitching— moment , and elevator hinge— moment characteristics are presented 
in figures 4 through 8. In general, the effects of Eesmolds number on 
the aerodynamic characteristics of the model were small. At the higher 
angles of attack or elevator deflections, increasing the Reynolds number 
delayed the onset of separation on the wing to higher values of lift 
coefficient as evidenced by the drag data of figure 7. This same effect 
of Reynolds number is noted in the hinge— moitent data of figure 5. 

The effects of Reynolds number on the lift and moment parameters of 
the horizontal tail are summarized in figure 9. These parameters, which 
are measured at zero lift, are further evidence of the lack of dynamic- 
scale effect on the characteristics of this model at low lift coeffi- 
cients. The effect of Reynolds number on the drag of the model is sum- 
marized in figure 10. These data show that, at moderate to high lift 
coefficients, increasing the Reynolds number resiated in sizable reduc- 
tions in the drag coefficient. 

Mach numbers O.6O, 0.80, 0.90. 0.94 .- The effects of an increase in 
Reynolds number from 2,000,000 to 4,000,000 at Mach niombers up to 0.94 on 
the aerodynamic characteristics of the model with the elevator undeflected 
are presented in figure 11. The effects of increasing Reynolds number on 
lift, hinge^noment, and pitching-^aoment coefficients as functions of 
elevator deflection for 0° angle of attack are presented in figure 12. 

In general, the increase in Reynolds number from 2,000,000 to 4,000,000 
caused only small changes in the aerodynamic characteristics of the model. 


Effect of Mach Number 


The aerodynamic characteristics of the horizontal tail at a Reynolds 
number of 4,000,000 are presented in figures I3 throiigh 21 for Mach num- 
bers from 0.25 to 0.94. The effects of Mach number on the lift, hinge- 
moment, pitching— moment, and drag characteristics are summarized in 
figures 22 and 23. 

Ll^.— The variation of lift coefficient with angle of attack for 
wio^ elevator deflections is presented in figure 13. These data show 
that the elevator was effective in producing changes in lift throiaghout 
the elevator-deflection and angle-of-attack range. 
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The variation of lift coefficient with elevator deflection at an 
angle of attack of 0° is presented in figure l4. The range of elevator 
deflection over which the elevator effectiveness remained constant 
decreased with increasing Mach number. 

The variations of the parameters C]^ and CLg with Mach number 
are compared with values predicted from theory in figure 22. The theo- 
retical variation of with Mach number has been calculated by the 

method of reference 10 and CL5 has been calculated by the method 
described in appendix A. The methods are based on a sin5)lified lifting- 
surface concept and are modified to account for the effects of compressi- 
bility by the Prandtl-Glauert relationship. Being subject to these two 
limitations, the theoretical values are terminated at a Mach number of 
0.85 beyond which Mach nunber the theory is not believed applicable for 
an airfoil having as low an aspect ratio as the subject model. The 
stabilizer effectiveness parameter Ci^ increased from 0.049 per degree 
at a Mach munber of 0.25 to a value of O.O67 per degree at a Mach number 
of 0.94. The theoretical values of CLa are in good agreement with the 
experimental values at Mach numbers up to O.85. 

At a Mach number of 0.94, the elevator effectiveness parameter CLg 
had increased approximately 20 percent over the value obtained at a Mach 
number of 0.25. The variation of CLg with Mach number was predicted by 
means of method 2, reference 12, and was modified to account for the 
effects of con5)ressibility through the application of the Prandtl-Glauert 
rule. The agreement between the theoretical curve and the experimental 
data in figure 22 is considered good. An explanation of the application 
of the Prandtl-Glauert rule to the prediction of Clq, Cho, and Chs is 
given in appendix A. 

Hinge moment.— The variation of elevator hinge— moment coefficient 

with angle of attack for various elevator deflections is presented in 
figiare 15. Figure I6 presents the variation of elevator hinge-moment 
coefficient with elevator deflection for 0° angle of attack. These two 
figures show that the variation of elevator hinge— moment coefficient was 
approximately linear through 0° emgle of attack and 0° elevator deflec- 
tion for all Mach numbers. Increasing the Mach number to 0.94 resulted 
in an increase in the absolute values of the slopes of the hinge— moment 
curves and a reduction in the angular range over which the hinge— moment 
characteristics were linear. 

The Mach number at which rapid changes occurred in the elevator 
hinge^noment coefficients was dependent upon the elevator deflection and 
angle of attack. This is illustrated in figure 17(a) which presents the 
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variation of elevator hinge-moment coefficient vith Mach number for 
several uncorrected angles of attack at 0^ elevator deflection and in 
figure 17('b) which presents the variation of elevator hinge— moment coef- 
ficient with Mach number for several elevator deflections at an uncor— 
rected angle of attack of 0^. 

The hinge— moment parameters Cho, and Ch6 are presented as a 
fimction of Mach muriber in figure 22. The low— speed value of Ch<x 
approximately -O.OO3O and was little affected by compressibility up to a 
Mach number of O.9O. With further increase in Mach number the value of 
Cha changed rapidly, attaining a value of -0.0040 at a Mach number of 
0.9^. At low Mach numbers, the value of Ciig was approximately -O.OO7O. 
The value of C115 became more negative with increasing Mach number, 
particularly above O.9O, and at a Mach niimber of 0.9^ had attained a 
value of -0.0095- Method 2 of reference 12, modified to account for the 
effects of compressibility, was used to predict the variations of C]^ 
and Ch5 with Mach number. These data are presented as dashed curves in 
figure 22. The agreement of the theoretical values of Ch^ with the 
experimental data is excellent. The theory predicts a value of Ch6 
which is less negative than the experimental value, but the predicted 
variation of Cb^ with Mach number is in good agreement with the 
experimental data. 

Pressijre difference across the elevator-nose seal .— Figure I8 shows 
the effects of elevator deflection and angle of attack on the pressure 
difference across the elevator-nose seal at various Mach numbers. The 
differences in balancing pressure at the various spanwise stations are 
believed to be the result of the spanwise distribution of loading, 
leakage around the ends of the seals at the hinges, and imperfections in 
the alinement of the balance— chamber cover plates. 

Inspection of the data in figure I8 shows that the rate of change of 
the pressure coefficient across the elevator— nose seal with elevator 
deflection decreased at large angles of attack or elevator deflections. 
Increasing the Mach number decreased the range of angles at which 
increases in balancing pressures accompanied increases in deflection. 
These data indicate that, if the elevator were equipped with a sealed 
internal nose balance, the resulting hinge-moment characteristics of the 
balanced elevator would be nonlinear at the higher Mach numbers and that 
only a small amount of balancing effectiveness would exist at elevator 
deflections greater than about 6^ or 8^ at Mach numbers above 0.90* 

Pit ching mnnift nt . — The pitching— moment coefficients about the quarter 
point of the wing mean aerodynamic chord are presented in figure I9 as 
functions of lift coefficient. The variation of pitching-moment coeffi- 
cient with elevator deflection at 0^ angle of attack is presented in 
figure 20. 
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The data presented in figures I 9 and 20 are summarized in figure 22 
where presented as functions of Mach number. Since 

the subject model has neither camber nor twist, the values of 

presented in figure 22 are indicative of the chordwise position of the 
aerodynamic center. As the Mach number was increased above 0.25, the 
aerodynamic center moved rearward, the rate of rearward movement increas- 
ing rapidly as the Mach number was increased above O. 8 O. Calculations by 


the method of reference 10 indicate a value of C 




which is zero for a 


Mach number of zero with a slight increase to a positive value as the 
Mach number is increased. This theory considers only the effect of com- 
pressibility on the spanwise location of the center of pressure. The 
disparity between the theoretical and experimental values of may 

be due to differences between the theoretical and the experinental span- 
wise location of the center of pressure or to the fact that the theory 
does not take into account the effects of compressibility on the chord- 
wise location of the wing center of pressure. 


The pitching-moment effectiveness parameter Cmg changed from 

- 0.0073 at a Mach number of 0.25 to -0.0127 at a Mach number of 0.9^. 

The values of predicted by the method described in appendix B are 

shown in figure 22. The agreement between theory and experiment is good 
at the lower Mach numbers , but the measured effects of compressibility 
are greater than those predicted by the theory. 

Brag .- The drag data of figure 21 are summarized in figure 23 where 

the drag coefficient for constant lift coefficients, maximum lift— to— drag 
ratio, and the lift coefficient at which the maximum lift-drag ratio 
occurred are presented as functions of Mach number for 0^ elevator 
deflection. The Mach number for drag divergence, defined as the Mach 
number at which ^d/Sm = 0.10, was 0.93 for a lift coefficient of 0.2. 

A maximum lift— to— drag ratio of l8.0 was obtained at Mach numbers up to 
0.60. The value of the maximum lift— to-drag ratio decreased with 
further increase in Mach number to a value of approximately 12 at a Mach 
number of 0.9^. The lift coefficient for maximum lift— to-drag ratio was 
approximately 0.2 throughout the Mach number range. 


Effects of Leading-Edge Roughness and Elevator— Nose Seal 


The independent effects of leading— edge roughness and removal of 
the elevator— nose seal are presented in figures 2k and 25. The data 
presented in these figures are summarized in figure 26. The results of 
tests without leading^dge roughness and w*ith the elevator nose sealed 
are presented in all these figures for purposes of comparison. 
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The addition of leading-edge roughness resulted in a slight reduc- 
tion in the lift— curve slope near zero lift and in a reduction in maxiinuni 
lift coefficient (fig. 24(a)). The elevator effectiveness was reduced 
(fig. 25 (a)) when roughness was applied to the leading edge. The largest 
reduction in the stabilizer and elevator effectiveness occurred at a Mach 
mnnber of 0.94 where C]^ and were reduced by O.OO 9 per degree and 

0.006 per degree, respectively (fig. 26(a)). It can be seen in 
figure 26 (a) that leading— edge roughness caused a reduction in the 
absolute value of both and Cjjg. The magnitude of this reduction 

increased with increasing Mach number. 

The effects of leading— edge roughness on the pitching-moment effec- 
tiveness of the elevator Cjjjg and on the pitching— moinent— curve slope 

are presented in figure 26(b). Leading-edge roughness caused a 

reduction in the effectiveness of the elevator in producing pitching 
mom ent the magnitude of this reduction increased with increasing Mach 
number. The effect of compressibility on the pitching— moment— curve slope 
at zero lift was reduced by the addition of leading-edge roughness to the 
model. As would be expected, application of leading— edge roughness 
resulted in an increase in drag. Figures 24(d) and 26(b) show that the 
increase of minimum drag coefficient due to leading— edge roughness at 
6=0° and = 0 was about 0.0040 at low speed and about O.OO 3 O at 

a Mach number of 0.94. 

It can be seen in figure 26(a) that unsealing the elevator nose 
caused slight reductions in and but had no important effects 

on the hinge-ffloment-curve slopes (fig. 26). Figure 26(b) shows that 
unsealing the elevator nose had little effect on the pitching^noment 
characteristics of the horizontal tail or on the minimum drag. 


CONCLUDING REMARKS 


The results of wind-tunnel tests conducted to evaluate the inde- 
pendent effects of Reynolds number and Mach number on the aerodynamic 
characteristics of a horizontal tail of aspect ratio 3 .O with the 
quarter— chord line swept back 45° have been presented. 

Increasing the Reynolds number from 2,000,000 to 18,000,000 at a 
Mach number of 0.25 resulted in a sizable reduction in the drag coeffi- 
cient at moderate to high lift coefficients. The lift characteristics of 
the horizontal tail were little affected by this change in Reynolds 
number, but the hinge— moment and pitching— moment characteristics of the 
tail were affected by changes in Reynolds number^ especially at the 
higher angles of attack or elevator deflections. 
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As the Mach mimber was increased from 0.25 to 0.9^ the lift— cu3Tve 
slope increased 36 percent, the lift effectiveness of the elevator 
increased 20 percent, the pitching-moment effectiveness of the elevator 
increased 7^ percent, and the absolute magnitude of the variation of 
elevator hinge— moment coefficient with either angle of attack or elevator 
deflection increased about 35 percent. These increases were measured 
through 0^ angle of attack and 0° elevator deflection. The Mach number 
at which compressibility effects resulted in large changes in the 
elevator hinge— moment coefficient was dependent upon the angle of attack 
and the elevator deflection. Increasing the Mach number from 0.25 to 
0.94 also caused a reduction in the maximum lift— to— drag ratio of from 
18 to 12 and a small rearward movement of the aerodynamic center. 

Measurements of the pressure difference across the elevator-nose 
seal indicate that, if the elevator were equipped with a sealed internal 
nose balance, the resulting hinge— moment characteristics of the balanced 
elevator would be nonlinear at the higher Mach numbers and that only a 
small amount of balancing effectiveness would exist at elevator deflec- 
tions greater than about 6^ or 8^ at Mach numbers above 0.90* 

The addition of leading— edge roughness caused reductions in lift- 
curve slope, elevator effectiveness, stability, and elevator hinge- 
moment parameters. The magnitude of these reductions increased with 
increasing Mach number . 

Eemoval of the elevaton-nose seal caused slight reductions in the 
elevator effectiveness but had no important effects on the lift-curT?e 
slope, stability, drag, or hinge— moment parameters. 


Ames Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Moffett Field, Calif. 
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APPENDIX A 

APPLICATION OF THE PEANDTL-GLATIERT FACTOR TO THE EQUATIONS FOE 
CL5^ REFERENCE 12 


The equations of reference 12, method 2, have been modified through 
the application of the Prandtl-Glauert rule to account for first-order 
con 5 )ressibility effects. 

The method consists of determining the incompressible— flow charac- 
teristics of an equivalent wing the lateral dimensions of which are 

reduced in the ratio of J 1 - : 1. The aspect ratio is thus reduced 

and the tangent of the sweep angle is increased as the Mach ntmiber is 
increased. The incompressible-flow characteristics of the equivalent 
wing thus derived are then modified to account for the effects of com- 
pressibility through the application of the Prandtl-Glauert rule. The 
following are the equations of reference 12, method 2, as modified to 
account for the effects of conq)ressibllity. 





b /N^o 


•J 1— M^ 


cos Ag cos 


1 



(Al) 


where the subscripts 
i average induced value 

e characteristics of the equivalent wing for incon 5 )ressible flow 

h hinge line 

c modification to account for the effects of conq)ressibility 

Since the term cos Aj^ merely relates the elevator deflection in 

streamwise planes to the elevator deflection in planes perpendicular to 
the hinge line, the value of Aj^ used in the equations is that of the 

actual wing rather than that of the equivalent wing. 



cos Ag 





(A2) 


where the subscripts 
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LS lifting surfaces 

Sc induced camber or streamline curvature 


where 



yi-M^ 


COS Ae cos + 


(as) 


CLr 


(®h0^ ). 

A=o 

JTW 


cos A 


e 


-(Cha) 


IS, 


(A3) 





In the three-dimensional linearized— compressible flow theory used 
herein to account for the effects of compressibility, the actual aspect 
ratio becomes an effective aspect ratio or reduced aspect ratio 3A 
which approaches zero as M approaches 1.0. Analysis of the simplified 
lifting-surface theory indicates that when 3A becomes less than approx- 
imately 2 the predicted theoretical values will diverge rapidly from the 
experimental values. For the subject airfoil, the reduced aspect ratio 
becomes 2 at a Mach number of about 0.80. Prediction of the airfoil 
characteristics is not attempted at Mach number above O. 85 . The reduced 
aspect ratio 3A is discussed in detail in reference I 3 . 
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APEEHDIZ B 


CALCULATION OF THE FLAP PITCHING-MOMENT EFFECTIVENESS C 


FOR A SWEPT-BACK AIRFOIL 


In order to determine the pitching moment caused by the deflec- 
tion of a flap on a swept-back airfoil, the position of the center of 
pressure must be established. The longitudinal position of the air- 
foil center of pressure with respect to the quarter point of the mean 
aerodynamic chord is established through the use of section data, 
simple sweep theory, and a correction to the location of the section 
center of pressure for the effects of finite aspect ratio. The span- 
wise position of the center of pressure with respect to the plane of 
symmetry can be established from consideration of the spanwise dis- 
tribution of the lift as affected by the deflection of a control 
surface . 

Reference 13 presents a method whereby the spanwise loading due 
to flap deflection can be found for wings having a constant sweep of 
the quarter— chord line. This reference shows that, for a wing having 
a constant— percent chord, full— span control surface, the spanwise 
position of the center of pressure of the lift due to flap deflection 
is coincident with the spanwise center of pressure due to angle of 
attack. Thus, the spanwise location of the center of pressure, for 
the subject model, may be calculated by the Weissinger method. 

The longitudinal position of the wing center of pressure must 
be determined by less direct means. The known characteristics of 
the reference section, the NACA 64A010, measured in planes perpen- 
dicular to a line swept back 45° are used. This line is the locus 
of the quarter-chord points of the reference sections. The center 
of pressure due to flap deflection for an HACA 64A010 airfoil sec- 
tion having a 0. 30— chord, plain flap is located at 0.40 chord 
(reference l4). When a linear variation of Cj^ with at 

Cl = 0 and Cm = 0 is assumed, the moment eqviation referred to 
the quarter— chord point of the airfoil section is 



(Bl) 
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vhere the subscript o indicates the value for two-dimensional flow. 
For a finite wing, use is made of equation 1 of reference 15 


c-P-fi' 



(c.p.f^* - 0.25) + 0.25 


( 12 ) 


where 

c.p.£ ’ center of pressure location of incremental lift load 
due to flap deflection, fraction of chord of sec- 
tions parallel to the plane of symmetry 

c.p.^ ' center of pressure location, fraction of chord of 
° section parallel to the plane of symmetry 

ao’ lift— curve slope of sections parallel to the plane of 

S3rmmetry 

a^ theoretical lift— curve slope of the finite wing, 

coii5)uted by the method of reference 10 for incom- 
pressible flow 


The section lift— curve slope of a swept wing of infinite span may 
be estimated, from simple sweep theory, by the following expression 


ao’ = a-o 


(B3) 


The geometric relationship between the chordwise center— of— pressure 
position on a tapered swept— back wing expressed as a fraction of a chord 
parallel to the plane of symmetry in terms of a fraction of a chord 
inclined at the angle of sweepback A is 


c • p * ^ 


where 


I _ 


c.p. 


1 + 


tan^ ./Wtan A tan T 
1 + tan A tan t" 


1 - 


tan A tan 9— tan^ A' 


1 + tan 9 tan A 




+ c , 


P-0 


tan Ai 


tan A-tan T 


tan 9— tan A 


1 + tan A tan T 1 + tan 9 tan A 


(B4) 


9 sweep of the leading edge of the finite— span wing with respect to a perpendicular to the 
plane of symmetry, degrees 

A sweep of the locus of the quarte]>-chord points of the 64A.010 sections, with respect to a 
perpendicular to the plane of symmetry, degrees 

T sweep of the trailing edge of the finite-span wing with respect to a perpendicular to the 
plane of symmetry, degrees 

By substitution of the values obtained for a^’ and c.p.^ • from eqiiations (B3) and (b 4), 
respectively, in equation (B2), this equation can then be rewritten as: 


c.p.fi' = 


ao cos A 
&u 


c.p, 


1 + 


tan A tan 0— tan^ A 
1 — tan 9 tan A 


) 


1 + 


tan^ A —tan A tan T 
1 + tan A tan T 


+ c.p.Q tan 


tan A^tan T 


tan 0— tan A 


,1 + tan A tan T 1 + tan 9 tan 




0.25 


+ 0.25 


(B5) 
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Through solution of equation (B5) a constant— percent chord line approxi- 
mating the locus of the centers of pressure of sections parallel to the 
plane of symmetry was established. The effect of finite aspect ratio on 
the slope of this line near the root and tip sections is neglected. The 
wing center of pressure is defined as the point of intersection of the 
locus of the section centers of pressure with a chord line (taken paral- 
lel to the plane of symmetry) that passes throiagh the spanwise center of 
pressure (fig. 27). 

Pitching m o m ents for a wing of finite aspect ratio are referred to 
an axis that passes through the quarter point of the mean aerodynamic 
chord and is perpendicular to the plane of symmetry. Therefore, in 
order to present the pitching moment in terms of a percent of the mean 
aerodynamic chord, it is necessary to consider the change in percent 
local chord that is introduced when the airfoil center of pressure is 
projected to the mean aerodynamic chord (fig. 27). This change in chord- 
wise position is calciolated from the relation 

X = tan t (B6) 

c 

where 

yc.p. lateral distance to the wing center of pressure measured perpen- 
dicularly from the plane of symmetry, feet 

y-^ lateral distance to the mean aerodynamic chord measured perpen- 

dicularly from the plane of symmetry, feet 

sweep of the locus of the section centers of pressure due to flap 
deflection with respect to a perpendicular to the plane of 
symmetry, degrees 

X fraction of the mean aerodynamic chord 

The longitudinal distance to the wing center of pressure on the 
mean aerodynamic chord X measured from the leading edge of the n^an 
aerodynamic chord and expressed as a fraction of the nBan aerodynamic 
chord can be written as: 


X = c.p.f^* + X (B7) 

where c.p.f^* and x, defined by equations (B5) and (B6), respectively, 
are both fractions of the mean aerodynamic chord. 

If moments are taken about the quarter point of the msan aerodynamic 
chord of the finite wing, the equation can be written as 


%.25c 


(b8) 


= - Cl (X - 0.25) 


If a linear variation of Cm vith Cl at Cl = 0 and Cm = 0 is assimied, then from a differ- 
entiation of equation (b 8) with respect to 8, 

Cmg = - CL5 (X - 0.25) (B9) 

Substituting for X, defined by equation (B?) in equation (B9) 


■'mg ^Lg 


a.Q cos A 


lu 


c.p.oll + 


tan^ A— tan A tan T 
1 + tan 9 tan A 


- 0.25 


1 - 


tan A tan 0— tan*^ A 
1 + tan 9 tan A 




+ c.p.o tan A 


tan A— tan 
1 + tan 9 tan 


T ^ tan 0— tan A \ 

n T y + tan 9 tan Ay 



(BIO) 


In modifying equation (BIO) to account for the effects of conq)ressibility, the assumption is 
made that the position of the center of pressure for a given flap deflection is independent of the 
Mach number. The modified equation (BIO) then becomes 
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ro 

ro 




Bq cos 


A 


•r, 4 . tan^ A— tan A tan T ) 

*^*°\ 1 + tan A tan T / 

^ tan A— tan T ' 


; A _ tanA tan 1 + c.p.„ tan A i — ^ 

! \ 1 + tan 0 tan A / ° \l + 

L. 


tan 0 tan T 


tan 0— tan A 
1 + tan 0 tan A 


- 0.25 


( 7 ^) 


> tan 


(Bll) 


where ^Cl 5 J^ niay he computed by means of equation (Al) in appendix A and a^ can be 
computed directly by the method of reference 10. 
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TABLE I.- COOED IHATES FOE THE MCA 64A010 AIRFOIL SECTION 
[All dimensions in percent chord] 


Upper and Lover Siarfaces 

Station 

Ordinate 

0 

0 

.50 

.804 

.75 

.969 

1.25 

1.225 

2.50 

1.688 

5.00 

2.327 

7.50 

2.805 

10.00 

3.199 

15.00 

3.813 

20.00 

4.272 

25.00 

4.606 

30.00 

4.837 

35.00 

4.968 

40.00 

4.995 

45.00 

4.894 

50.00 

4.684 

55.00 

4.388 

60.00 

4.021 

65.00 

3.597 

70.00 

3.127 

75.00 

2.623 

80.00 

2.103 

85.00 

1.582 

90.00 

1.062 

95.00 

.541 

100.00 

.021 

L. E. radius 

: 0.687 

T. E. radius 

: 0.023 
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TABLE II.- COORDIMTES FCE TEE AIRFOIL SECTIONS PARALLEL TO PLANE CF 

SYMMETRY OF MODEL 


[All dimensions in percent chord] 


Upper and Lower Surfaces 

Station 

Ordinate 

0 

0 

.63 

.673 

.95 

.811 

1.57 

1.023 

3.li+ 

1.4o6 

6.23 

1.925 

9.29 

2.306 

12.31 

2.612 

18.23 

3.074 

24.00 

3.401 

, 29.63 

3.622 

35.13 

3.757 

40 . 4-9 

3.813 

45.72 

3.788 

50.83 

3.667 

55.82 

3.469 

60.69 

3.212 

65.46 

2.910 

70.12 

2.574 

74.67 

2.213 

79.12 

1.836 

83.48 

1.456 

87.74 

1.083 

91.92 

.720 

96.00 

.363 

100.00 

.014 

L. E. radius 

: 0.485 

T. E. radius 

: 0.016 


Dimensions shown in inches 
unless otherwise noted 



Aspect ratio 
Taper ratio 
Area semispan 
Elevator area 
c 

'^A 


3.0 

0.5 

i 0.083 ft^ 
2.553 ft^ 
2.688 ft 
0.6 T9 ft^ 



Section A - A 


Figure /.- The horizontal-tail model. 
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Figure 2.— The horizontal tail model mounted in the Ames 12-foot 

pressure wind tunnel. 







Figure 3.- 


The location of the wait orifices relative to the model 

wind tunnel. 



in the Ames 12 -foot pressure 
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(a) R,2pOOpOO} R,4p00p00 


Figure 4.- The effect of Reynolds number on the variation of lift coefficient 
with angle of attack at a Mach number of 0.25. 


Lift coefficient 
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Angle of attack, a, deg 


(b) R,4p00fi00 i R,8P0Qp00 


Figure 4— Continued > 
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(c) R,4JD00P00 ; R,!2P00P00 


Figure 4.— Continued. 


Lift coefficient 
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(d) R, dpOOpOO i R, tSpOOpOO 


Figure 4.— Concluded. 
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Figure 5. — The effect of Reynolds number on the voriotion of ete rotor 
hinge-moment coefficient with angle of attack at a Mach number 
of 0.25. 
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(a) R, 2P00,000 ; R. 4,OOOpOO 


Figure 6. — The effect of Reynolds number on the variation of lift coefficient 
with pitching- moment coefficient at a Mach number of 0.25. 
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(b) R, 4p00p00 i R,ep00P00 


Figure 6 . — Continued. 
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(C) R,4P00p00 , R,!2J000P00 


Figure 6. — Continued. 
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Pitching-moment coefficient, Cm 


(d) R,4,ooopoo i R,iepoo/:xx) 


Figure 6. — Conciuded. 



Drag coefficient, Cq 


Figure 7. — The effect of Reynolds number on the variation of lift coefficient with drag 

coefficient at a Mach number af 0.25. 
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Elevator deflection, S, deg 
(a) Ci_ vs S 

Figure 8 . — The effect of Reynolds number on the aerodynamic characteristics for various 


elevator deflections at o Mach number of 0.25. , 0“ 
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Elevator hinge-moment coefficient,C. 



(b) vs 8 


Figure 8.— Continued . 
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-P- 



fcj C/^ vs S 
Figure 8. — Concluded. 
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Figures.- The variation of ,C„Q^,and with Reynolds 

number at a Mach number of 0.25 . 
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Figure iO.- The variations of drag , maximum lift- to -drag ratio, and 
tiff coefficient for maximum lift -to -drag ratio with Reynolds 
number at a Mach number of 0.25 , 8 ,0° 



(a) vs a 


Figure //.— The effect of Reynolds number on the aerodynamic characteristics at Mach 




OBO ,0.90 and 0.94. 8,0* 


numbers of 0.60, 
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(b) Cf, KS a 
Figure II. — Continued. 
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k9 



( c ) i^s 


Figure II.— Continued. 



(d) vs Cp 


Figure it. — Concluded. 
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(a) Ci_ I'S S 

Figure 12.— The effect of Reynolds number on the oerodynamic characteristics for various elevator 
deflections at Mach numbers of 0.60, 0.80, 090, and 0.94. , d“. 
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Figure 12 — Continued. 
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Pitching-moment coefficient , 



(C) C/y! vs 8 
Figure 12.— Cortctuded . 
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(a) M, 0.25 


Figure 13.— The variation of lift coefficient with angie of attack. 

R, APOOPOO . 


Lift coefficient 
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-!2 -8 


-4 0 4 8 !2 !6 20 24 28 32 

Angle of attack , at, deg 


(b) M, 0.60 


Figure 13 . — Continued, 


Lift coefficient, 
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Angle of attack, a, deg 


(c) M,0.80 


Figure 13.— Continued. 
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(d) M, 0.85 


Figure 13.— Continued. 



•12 -8 -4 0 4 8 12 

Angle of attack , a, deg 


(e) M, 0.90) M,0.92i M,0.94 
Figure 13. — Concluded. 
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Elevator def lection, 8 , deg 


Figure 14, — The variation of lift coefficient with elevator deflection. o^,0^ ; R, 4,000,000 . 
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Elevator hinge-moment coefficient 
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(a) M ,0.25 


Figure !5. — The variation of elevator hinge-moment coefficient 
with angle of attack. R , 4,000,000. 


Elevator hinge-moment coefficient, Cf, 
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(b) M,0.60 



Figure 15 . — Continued. 


Elevator hinge-moment coefficient, Cf, 
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(c) M.0.80 



Figure fS , — Continued. 


Elevator hinge-moment coefficient. 
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(d) M. 0.85 


Figure 15.— Continued. 
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,/5 I — I — I — I — I — I — I — I — I — ^ — I — I — I — I — I — I — 1 
-12 -8 -4 0 4 8 12 16 20 

Angle of attack , a, deg 


(e) M, 0.90. 


Figure tS. — Continued. 
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Angle of attack , a , deg 


(f) M,0.92 i M,0.94 



Figure 15.— Concluded. 


Elevator hinge- moment coefficient 



Elevator deflection, 8, deg 

Figure 16— The variation of elevator hinge-moment coefficient with elevator deflection . aj , , 0% 

R, 4,000,000 . 
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Elevator hinge-moment coefficient, Ch 
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(a) 8,0° 


Figure !7 — The variation of elevator hinge-moment coefficient with Mach 

number. R, 4,000fi00. 




Elevator hinge -moment coefficient, Cf, 
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Figure 17. — Concluded, 



(a) M, 0.25 

Figure 18.— The variatiort of pressure coefficient across the eievotor-nose seoi with eievotor deftection. 

R, 4,000,000. 
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(b) M,0.60 
Figure id — Continued . 
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(c) M,0.80 

Figure 18.— Continued. 
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fej M, 0. 90 i M, 0. 92 f M, 0. 94 
Figure 18— Concluded . 


OJ 


MCA EM A5ID02 


Lift coefficient, 


74 


mCA EM A51D02 



(a) M,0.25 


Figure 19— The variation of lift coefficient with pitting -moment coefficient. 

R,4,000P00. 
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fdj M,0.60 


Figure !9.— Continued. 
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Pitching-moment coefficient^ Cm 


(c) M,0.80 


Figure 19.— Continued. 


Lift coefficient 
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(d) M, 0.85 


Figure 19.— Continued. 


Lift coefficient. Q Lift coefficient , C, Lift coefficient 
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(e) M, 0.90 ; M. 0.92 i M.0.94 


Figure !9 . — Concluded. 


Pitching- moment coefficient 


( • 



Figure 20. The variation of pitching'-moment coefficient with elevator deflection, ,0^ ; R, 4P00P00. 
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(a) M,0.25 

Figure 2!.— The variation of lift coefficient with drag coefficient. R, 4,000, 000. 
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Drag coefficient , Op 


(b)M,0.60 

Figure 2i.^ Continued. 
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rcj M,0.80 
Figure 2L— Continued. 
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Drag coefficient, Cq 


(d) M,0.85 
Figure 2L — Continued. 



Drag coefficient^ Cq 
( e)M,0.90. 

Figure 2i. — Continued. 
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(f) M,0.92,M,0.94 
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Figure 2!. — Concluded. 
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Figure 22.- The variations of C,,Ci^.C.,C.,C^ , and C„ with Mach 

o 0^0 C/^ o 

number. R, 4,000,000. 
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Figure 23.- The variations of drag, maximum lift - to- drag ratio , and 
lift coefficient for maximum lift- to- drag ratio with Mach number. 
R, 4,000,000 ; 8, o'". 
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Ft^jre 24.— The effects of leading-edge roughness ond elevator-nose sea! on 
the aerodynamic characteristics. S , O" ; R,4,000P00. 
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Figure 24.— Continued. 
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Figure 24. — Continued. 
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Figure 25.— The effects of leading-edge roughness and elevator-nose sea! on the aerodynamic characteristics 

for various elevator deflections, O*; R, 4P00P00. 
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Figure 25,— Continued . 
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Figure 25.— Concluded. 


VO 


HACA BM A5ID02 


NACA EM A5IDO2 


95 



-.004 


and 
-.008 

-012 


.016 


020 


Ch. 


Ch 


S 


Smooth, seated 

L.E. rough, seated 

Smooth , unseated 



./ 


.2 .3 .4 .5 


.6 


.8 


.9 to 


Mach number , M 


(a) ,and 


Ct, vs M 


Figure 26.- The effects of teading-edge roughness and etevator-nose 
seat on the various aerodynamic parameters with Mach number. 

R, 4,000,000. 
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Figure 26.- Concluded. 
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